Introduction
Fossil fuels, which meet today's energy needs in a considerable extent, are being depleted rapidly. Also, the products resulting from combustion of these fuels lead to critical problems related to all human beings such as, greenhouse effect, ozone-depleting, acid rains, air pollution.
Alternative fuels, especially alcohol fuels, are known to be a good potential to reduce the environmental and economic concerns as well as to reduce exhaust emissions and to facilitate the sustainability of energy sources.
The increase of use of renewable fuels in vehicles, based on the recent regulations results in the growing interest to the alternative fuels. From the conducted researches in the automotive field over the last 30 years, it is claimed that alcohol fuels, methanol and ethanol in particular, are compatible with the hydrocarbon fuel blends, and enhance the nitrogen oxide (NOx) and particular substance (PM) emissions [1] .
Alcohol additives including methanol and ethanol are very easy to mix with the pure biodiesel, and help to decrease the higher viscosity and density values of the biodiesel compared to standard diesel. The additives enhance the combustion efficiency and produce lower exhaust gas emissions. These alcohols have approximately 35% and 30% higher oxygen so that it helps to achieve better combustion quality in the diesel engine [2] .
The commonly used short chain alcohols are methanol, ethanol, propanol and butanol. Esterification product is not dependent on the type of alcohol. Because of this reason, cost and performance can be accepted as criteria for the selection of the alcohol type. Among these alcohols, methanol is generally chosen because it has a low cost [3] .
Methanol has a long history of use in racing vehicles where it is valued both for its power producing properties and its safety aspects (methanol is harder to ignite, creates less radiant heat, and burns without producing black smoke). The capacity of methanol to replace petroleum fuels has long been known. While the future presence of crude oil is increasingly being questioned, methanol has received renewed interest since it is easily made from distant natural gas and from the broad coal and biomass sources around the world. Much work has already been done around the world to determine the appropriate ways of designing and modifying vehicles for the use of methanol as a clean fuel or as a mixture with diesel [4] .
Today, the interest to alternative fuels is continuously increasing due to the price rise and the environmental distributions in the transportation sector. Methanol is one of the alternative fuels, which can be used in internal combustion engines along with different methods. Methanol can typically be produced by distilling fossil fuels consisting of methyl alcohol such as wood and coal under heat treatment, or by distilling natural gas with different methods, or synthesizing CO and H2 in a catalytic environment.
The Diesel-Methanol blends need to be improved to minimize the negative impacts of diesel fuel in transportation industry.
It is possible to use methanol in vehicles using different methods. As an example, methanol can be used directly as fuel in internal combustion engines. However, this type of use may not be chosen because of the issue of excess demand and insufficient supply. Instead, the addition of methanol to diesel fuel in a specified proportion would be reasonable both for enhancing diesel emissions and for ensuring sufficient supply of methanol. Unburned hydrocarbon emissions are not observed because combustion of methanol is nearly completed and thus there is no particles. Methanol has a low flame temperature compared to gasoline so that it provides better burning and lower CO, CO2 and NOx emissions [5] .
Nowadays, methanol has been used in internal combustion engines because it has many advantages such as clear, environment-friendly, compatibility with different methods, ease of storage.
Many research on the use of methanol as fuel in both diesel and gasoline engines has been addressed in the literature. At first, these works have been mostly focused on experimental studies. Recently, in parallel with the computational developments, both the experimental and theoretical (which is based on mathematical methods) works on this direction has been increasingly taken place in the current literature.
Some current studies about Diesel-Methanol blends found in the literature are presented as follow.
Najafi et al. used a four stroke, four cylinder, direct injection diesel engine using methanol blended diesel fuel at various ratios (methanol to diesel): 10:90, 20:80 and 30:70. The results indicated that the lower output power and torque was produced for diesel fuel compared with the methanolblended fuels at all of ratios. The exhaust temperature for the blended fuel was lower compared to fuel diesel, and the best mixing ratio was found to be 10% of methanol + 90% of diesel fuel for the minimum exhaust temperature [6] . Suresh et al. prepared a single cylinder vertical air cooled diesel engine for the use of methanol. They investigated the performance, emission, and combustion characteristics of the engine using the methanol additive. The brake thermal efficiency enhanced by 3% in the dual fuel mode, and also resulted in the hydrocarbon, smoke emissions, and carbon monoxide in a decrease of 69%, 50% and 9% respectively [7] . Chu Weitao examined the effect of diesel-methanol blends (M0, M5and M15) on diesel engine performance us-ing a single-engine ZS195. According to the experiment results, they claim that the addition of methanol made the driving force of the engine weaker, improved fuel consumption, smoke and CO emissions. Also NOx emissions were expressed to be high at M5 blend; however, to be improved at M15 blend [8] . Joshua M. P. et al. examined the effects of M10, M20 and M30 on a four stroke, single cylinder, water cooled diesel engine. In this work, the performance and emission characteristics of diesel-methanol blends were investigated, and the results are analyzed in detail [9] . Kwanchareon et al. [10] examined the effect of diesel-biodieselethanol blends on solubility and emission characteristics of a diesel engine. They claim that the CO and HC emissions decreased significantly at high load while NOx increased compared with those blend fuels. Murat et al. [11] examined the effect of methanol and diesel fuel blends on the performance and emissions of a diesel engine which is four cylinder, four stroke, direct injection, turbocharged. Carbon monoxide and hydrocarbons emissions decreased with the increment of methanol amount when compared with those of diesel fuel. Gopinath et al. [12] examined the CI engine performance and emission parameters using corn oil Methyl Ester as biodiesel fuel. Arumugam et al. [13] carried out an experimental investigation on the efficient combustion of blends of Straight Vegetable Oil (SVO) with diesel, using a noncommercial hot water generator.
As can be understood from the literature, the potential of various fuel blends such as methanol-diesel blends, still needs to be investigated to enhance the performance of the compression-ignition engines so that this type blends have gained a great interest in the recent years.
Also, it can be expressed from the literature that diesel-methanol blends have a good potential both for reducing emissions and for enhancing the engine performance. From that point, we aim to optimize the diesel-methanol blend so as to enhance CO, CO2, HC, NOx and smoke emissions, and to increase the engine performance. In this study, four stroke, single cylinder, water cooled and direct injection engine is selected for carrying out the required experiments. In addition, the responses of a commercial single-cylinder CI engine in the different proportions of diesel-methanol blends are investigated.
Materials and methods
The properties of diesel fuel and methanol used in the experiments are respectively given to be Euro-diesel, and the Merck brand and degree of purity of 99%. Commercial Euro diesel (cED) purchased from a local petrol station was used as the primary fuel in the experiments. Methanol is introduced to diesel fuel by following the injection procedure, and all of these blends are mixed in a closed vessel for two hours at 45-50 oC. The volumetric proportions of these blends are given to be M5: 95% diesel fuel + 5% methanol; M10: 90% diesel fuel + 10% methanol; M15: 85% diesel fuel + 15% methanol. No visible phase separation for the test fuels was observed after a retention time of 20 days in a fermentation vessel. Some properties of the test fuels used in the experiment are shown in Table 1 . A comparison of the thermo-physical properties of methanol and diesel is presented in Table 2 . The fuel properties were measured in the Biodiesel Laboratory of Agriculture Faculty of Selcuk University. Fig. 1 shows a schematic diagram of the experimental setup.
The Antor 3LD510 model test engine used in the experiment, which is four stroke, single cylinder, water cooled and direct injection engine, is shown in Fig. 2 . The features of the test engine used in this experiment are given in the Table 3 . In this experiment, an exhaust gas analyzer (MRU Optima 7 model) was used. A turbidimeter (Bosch-RTM 430 model-turbidimetric measurement module) was used to measure smoke emission. Calibrations of the two devices were conducted before the tests. The properties of the two devices and the measurement devices, such as measurement ranges, precisions, speed ranges, etc., are presented in Table 4 and 5, respectively.
In the experiment, a NF150 brand hydraulic dynamometer to load the engine, a CAS-SBA 200L brand loadcell to measure the torque, and a Dikomsan / FGH-3000 brand digital scale (±0.01 g) to measure the fuel consumption were used. 
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Results
In this work, the effect of the addition of methanol to diesel fuel on the performance and exhaust emissions of a diesel engine was investigated. The engine performance parameters are engine torque and specific fuel consumption, and the exhaust emission parameters are CO2, CO, exhaust gas temperature, NOx and emission of smoke opacity. Fig. 3 shows the effects of the addition of methanol to diesel fuel on the engine performance. Because methanol has lower heating value than diesel fuel, the addition of methanol affects negatively the engine torque and its specific fuel consumption. With the decrease of heating values of the blends, the engine torque values of the blends with 5%-10%-15% methanol result in averagely a decrease of 6.27%, 8.84 % and 13.07% compared to those of the diesel fuel. The values of specific fuel consumption of the blends were observed to be averagely the increase of 5.67%, 7.8 % and 12.54%. Fig. 4 represents the values of CO2 emissions belonging to the test fuels. CO2 is one of greenhouse gases which are released into the atmosphere so much, and cause global warming and climate change. With the industrial revolution, the use of fossil fuels have increased; thus, the CO2 concentration in the atmosphere has increased rapidly [1] [2] [3] .
Scientists have been keeping an eye on the CO2 level in the atmosphere since it is directly related to the climate change. Researchers put forward many solutions for controlling especially the CO2 concentration from road vehicles. Also governments have put restrictions on the emissions that are one of the most important reasons of the global warming [4] .
Methanol reduces the CO2 values; in particular, the increase in the proportion of methanol reduces the CO2 emission. The addition of methanol results in an average decrease of 2.32%, 3.39 % and 5.04% in the CO2 emissions of the blends. The most important reason of the decrease in the CO2 emission is that the C atoms in the methanol are less than those of diesel fuel.
Because the CO gas has hazardous nature and human exposure to the gas is fatal, there have been a lot of efforts conducted on reducing the gas emitted from vehicles [5] . CO gas, which is produced from combustion, indicates that the oxygen is not sufficient during the combustion so that all of C atoms are not converted into CO2 [6, 7] . The addition of methanol results in an average decrease of 7.6%, 12.66 % and 38.4% in the CO emissions of the blends, respectively. Fig. 5 indicates the effect of the methanol added to diesel fuel on CO emission. The decrease in the CO emission can be explained that the oxygen existed in the chemical structure of methanol (CH3OH) reacted with more C atoms, and transformed into CO2.
Exhaust gas temperature is an important parameter for emission occurring and interpretation. For example, high exhaust gas temperature refers to high amount of the consumed fuel. Fig. 6 shows the effect of methanol on the exhaust gas temperature. The diesel-methanol blends yielded an average increase of 1.77%, 2.5% and 3.66% in the exhaust gas temperature compared to those of diesel fuel. The reason of the increase is that the oxygen existed in the methanol increases the burning quality and rate. Nitrogen and oxygen, which may not interact with each other at low temperatures, react and yields NOx (NO and NO2) compounds [8] . The nitrogen oxide compounds yielded causes acid rains [9] . Fig. 7 represents the effect of methanol on NOx emission yielding. The addition of methanol yielded an average increase of 6.5%, 10.78% and 17.1% in the NOx emission, respectively. The facts that methanol increased the exhaust gas temperature and consisting of high amount of oxygen are said to be the reason of the increase in NOx emission.
Opacity of smoke indicates burning quality, and a smog resulted from the burning process is the indication of too much carbon residue (deposit of soot) remained inside the burning products. Because methanol has cleaner burning characteristics due to its content of oxygen, the addition of methanol yielded an average decrease of 13.2%, 31.6% and 39.37% in the opacity of smoke, respectively (Fig. 8 ).
On the other hand, as for the effect of the diesel fuels with the methanol blends on the engine wear and long-term durability, some research on this direction express that the use of the methanol blends has no any negative impacts on engine wear and durability [17] . Fig. 7 The effect of methanol on NOx emission Fig. 8 The effect of methanol on smoke opacity
Conclusions
The use of methanol added to the diesel fuel in a diesel engine is assessed as follow, in terms of engine performance and environmental effects of methanol in use:  Diesel fuel and methanol can be homogeneously mixed because of their densities are too close. Also the blends can keep their homogeneity at least 20 days.  Methanol reduces the parameters of cetane number and heating values of diesel fuel, which are known to be critical for engine performance.  The fact that diesel blends fueled with methanol has low heating values causes a decrease of around 12-13% in the engine performance.  Methanol, consisting of lower C atoms and a high amount of oxygen, resulted in lower CO2 and CO emissions at the end of combustion.
 The fact that the burning rate of methanol due to its content of oxygen causes the exhaust gas temperature to increase.  As understood from the increase in the exhaust gas temperature, the increase in the burning temperature of methanol increased NOx emissions.  Methanol having cleaner burning characteristics due to its content of oxygen resulted in a decrease in the opacity of smoke.
As a result, even if the diesel-methanol blends consisted of low amount of methanol, the blends provided significant contributions for enhancement of environmental impacts of hazardous exhaust emissions, whereas they cause even a little negative effect on the parameters of engine performance. 
